Metastatic breast carcinoma induces vascular endothelial dysfunction in Balb-c mice: Role of the tumor necrosis factor-α and NADPH oxidase.
Although the oxidative stress and inflammation are closely related with breast cancer, there is no study directly examining the possible changes in vascular functions in the presence of breast carcinoma. The goal of the present study was to evaluate changes in vascular reactivity in tumor-bearing mice. In this study, highly metastatic breast carcinoma cells which were derived from liver or brain metastasis of 4T1 murine breast carcinoma (4TLM and 4TBM, respectively), and 67NR cells which were tumorigenic but non-metastatic cells were used. Female Balb-c mice 8-10weeks old were divided into following groups: (1) control, (2) injected with 67NR, (3) injected with 4TLM, and (4) injected with 4TBM orthotopically. Thoracic aorta was removed 23-25days after injection of tumor cells. Isometric tension studies were performed in response to potassium chloride (KCl), phenylephrine (Phe), acetylcholine (ACh, an endothelium-dependent vasodilator), and sodium nitroprusside (SNP, an endothelium-independent vasodilator). Endothelial nitric oxide synthase (eNOS), phosphorylated eNOS (Ser 1177) (p-eNOS), gp91(phox), and tumor necrosis factor-α (TNF-α) expressions in aortic tissues were demonstrated by immunohistochemistry. The level of TNF-α in vascular tissue was measured by ELISA. The presence of tumor was resulted in significant inhibition of response to ACh in both 4TLM and 4TBM injected mice, but not 67NR injected mice. Furthermore, both KCl and Phe-induced contraction of thoracic aorta was not changed significantly in tumor-bearing animals. eNOS and p-eNOS expressions decreased while gp91(phox) and TNF-α expressions increased in endothelium of 4TLM and 4TBM mice compared to 67NR injected and control mice. Moreover, TNF-α levels of thoracic aorta in mice with metastatic breast carcinoma were significantly higher than that of 67NR mice. Tumor-induced endothelial dysfunction determined by ACh-induced relaxation improved by superoxide dismutase (SOD), apocynin (a NADPH oxidase inhibitor), and infliximab (a TNF-α monoclonal antibody). The findings of this study suggest that the presence of metastatic breast carcinoma may cause a significant reduction in endothelium-dependent relaxation of thoracic aorta via NADPH oxidase-mediated oxidative stress and TNF-α production.